The fibre optic long period grating (LPG) offers a number of interesting properties for sensing applications. The characteristic attenuation bands in the transmission spectrum are sensitive to a range of measurands, particularly strain', temperature', bend radius2* 3, and the external refractive index (RI)5*6. Each attenuation band shows a different sensitivity to the measurands, offering the potential for the development of multi-parameter sensing systems'. The sensitivity to a particular measurand is determined by the composition of the fibre and its construction. Changing the chemical composition of the fibre allows the LPG to exhibit positive, negative or zero response to temperature and strain', while changing the structure of the fibre has been shown to allow enhancement of the temperature response'. In this paper we demonstrate a simple technique for forming a LPG with enhanced temperature sensitivity by surrounding the LPG with a material with a high thermo-optic coefficient, thus exploiting both the temperature and external RI sensitivity of the LPG. The operating temperature and measurement ranges are determined by the attenuation band that is monitored, and the refractive index and the thermo-optic coefficient of the surrounding material. A LPG consists of a periodic modulation of the RI of the core of an optical fiber. The periodicity lies typically in the range 100 pm to 1000 pm. The small grating wave vector promotes the coupling of light from the propagating core mode to co-propagating cladding modes. Since the cladding modes suffer from high attenuation, the transmission spectrum consists of a series of attenuation bands centered on wavelengths given by'
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Wavelength (nm) Figure I . Transmission spectrum of the LPG, used for the experiments, in air at room temperature, recorded following annealing at 120 "C for 3 hours.
A LPG consists of a periodic modulation of the RI of the core of an optical fiber. The periodicity lies typically in the range 100 pm to 1000 pm. The small grating wave vector promotes the coupling of light from the propagating core mode to co-propagating cladding modes. Since the cladding modes suffer from high attenuation, the transmission spectrum consists of a series of attenuation bands centered on wavelengths given by'
where hi is the coupling wavelength, n,ff is the effective index of the propagating cladding mode, is the index of the ith cladding mode, and A is the period of the LPG. The temperature sensitivity of the coupling wavelengths arises from the difference between the 0-7803-7289-1/02/$17.0oO2002 IEEEthermo-optic coefficients of the cladding and core, while the refractive index, RI, sensitivity arises from the dependence of the cladding mode's effective RI and upon the RI of the surrounding material. ---.
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The LPG, when surrounded by air, shows a temperature sensitivity in the range of - The transmission spectrum was monitored by coupling the output from a white light source into the optical fiber containing the LPG (parameters as described previously), and coupling the output from the distal end of the fiber into a PC interfaced CCD spectrometer (Ocean Optics S2000). The spectrometer offers a measurement range of 500 nm to 1100 nm, with a resolution of 0.3nm and a minimum integration time of 1 ms. The fibre was immersed in Cargille RI oil of RI 1.462. The temperature of oil was controlled via a thermo-electric cooler to f0.01"C. The wavelength and minimum transmission value of each attenuation band was recorded as a function of temperature. Figure 3(a) shows the shift of the central wavelengths of the attenuation bands as a function of temperature, while Figure 3(b) shows the change in minimum transmission value of the attenuation bands. As the RI of the oil is greater than that of the cladding, the attenuation bands are reduced in depth at room temperature, RT. The thermo-optic coefficient of the RI oil is negative, and thus increasing the temperature results in a reduction in RI. Once the index is less than or equal to that of the cladding of the fibre, the central wavelengths of the attenuation band respond to the changing RI. Figure 3 (a) shows that each attenuation band has a different temperature sensitivity, and that, over a limited range, very high temperature sensitivities are achieved (up to 1 9 . 2 d " C over a temperature range of 1.1"C). It is also interesting to note that the temperature range is different for each attenuation band. This is a result of the dispersion of the RI oil and of the cladding of the fibre. The depth of the attenuation band also demonstrates a large temperature sensitivity of up to 14.8 % /"C over a temperature range of 2.0°C, and again, offers different operating ranges for the different attenuation bands. If a different operating range is required, it is possible to choose a material with a different RI at room temperature, such that its RI lies within the sensitivity range of the LPG over a different range of temperatures. This is illustrated by the results shown in figure 4 , where the temperature responses of the attenuation band corresponding to coupling to the 5'h cladding mode surrounded by two different RI oils (n = 1.460, n =1.462) are compared, demonstrating the tuning of the operating temperature range by change of material.
The temperature sensitivity enhancement discussed here would be of use in temperature critical systems, for example in chemical and material processing, where the optimum processing temperature range may be limited. In addition, the high temperature sensitivity is of interest for thermally tuned optical filters. In summary, a method for enhancing the temperature sensitivity of a LPG has been discussed. The LPG, fabricated in standard optical fibre, is surrounded by a material with a high thermooptic coefficient. The LPG exhibits a temperature sensitivity of 19.2nm/"C over a temperature range of 1.1"C. Monitoring a number of the attenuation bands in the spectrum of a single LPG allows measurements to be performed over different temperature ranges.
